The numerical modeling of the microchannel heat transfer and fluid flow was analyzed to estimate the thermal behavior of the dielectric fluids with emphasize on Nu number behavior. The geometry of a model is the same as in (Lelea et al., 2004) . The diameters of the tube were D i /D o =125.4/300 μm, the total length L=70 mm, Q=0.75 W and only a portion of the tube was heated. The laminar and stationary regime was considered with variable fluid properties. Besides, two different heat flux directions are considered: heating and cooling.
INTRODUCTION
Micro Thermal Systems (MTS), defined as the systems in which the key size has a length scale of a micrometer, could attain the high heat transfer coefficients. For instance, they are used as the cooling devices for LSI chips. On the other hand μ -TAS (Micro Total Chemical Analyzing System), MEMS (Micro Electric -Mechanical Systems) or biochips are some of the examples of MTS. The research reports in this field, concerning the thermal and hydrodynamic results, are mostly oriented to the water as a working fluid. However, in defense electronics applications, like radars, lasers or avionics the dielectric fluids are used due to a sensibility of the operating conditions. The first microchannel fluid flow experiment was made by Poiseuille [1] in 1870 on a glass tube with internal diameter ranging from 29 to 140 μm with water as the working fluid and non-heating working conditions. Based on these results, the well-known relation for the volume flow rate was established and extended lately to the macrochannels. Tuckerman and Pease [2] have increased the interest on microchannel heat transfer phenomena with the microchannel heat sink used for the cooling of the VLSI devices. Wu and Little [3, 4] have made the microchannel heat transfer and fluid flow experiments used for designing the JouleThomson micro-refrigerator. The working fluid in their research was nitrogen and inner diameters of the tubes were from 100 to 300 μm. Their heat transfer and hydrodynamic results shown differences against the conventional results for macrotubes. In the following years, large amount of work has been done in order to explain these discrepancies.
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In the recent years, Lelea et al. [6] , have made the experimental research on microtube heat transfer and fluid flow with inner diameters between 100 and 500 μm for laminar regime of the water flow. These results have shown the good agreement with the conventional theories even for the entrance region of the tube.
Tiselj et al. [7] have presented the experimental research on microchannel heat transfer and fluid flow of water through the multichannel configuration with triangular crosssection of the channels. The hydraulic diameter was 160 μm and low Re number range (3.2-64) considering the axial conduction in the tube wall. The results are also in good agreement with conventional theories, confirmed also with the numerical modeling using the conventional set of the Navier -Stokes equations.
The outcome of the research reports mentioned above is that special attention has to be paid to macroscale phenomena that are amplified at the microscale. For example, due to a high heat transfer rate, the temperature variable fluid properties have to be considered. Lelea [8] has investigated the influence of the temperature dependent fluid viscosity on Po number. On the other hand, the small diameter and large length of the tube can result in viscous heating even in the case of liquid flow, as presented in Koo & Kleinstreuer [9] .
Maranzana et al. [10] have analyzed the influence of the axial conduction in the tube wall on microchannel heat transfer. The fluid flow between the parallel plates as well as the fluid flow in the counter flow heat exchanger was considered. It was found that the axial conduction has the influence on heat transfer parameters as far as the axial conduction number M, defined in this study, is higher than 10 -2 . In this case the total length of the tube was heated. However, in industrial or laboratory applications, the heating length is not always equal to the total length of the tube.
Moreover, most of the research results have the water as the working fluids. Because of the sensibility of some specific electronic devices, water might not be a suitable fluid, so the dielectric fluids must be used. In the present research the dielectric fluid Novec-7600 [11] is used for calculations. In addition, the variable fluid properties have a great influence on some dimensionless criteria like Nu number.
Following these ideas, the microtube heat transfer fluid flow of dielectric fluids with variable fluid properties is considered in this paper. Special attention is paid to Nu number behavior for three different heat transfer applications (cooling, heating and k=const.).
PROBLEM DESCRIPTION AND NUMERICAL DETAILS
In order to discuss the axial conduction influence, the velocity and temperature distributions were numerically solved considering the temperature variation of the fluid properties, procedure described in Lelea et al. [6] .
The computational domain is presented in Fig. (1) , as follows:
The fluid flow domain defined at r = 0, R i and z = 0, L The temperature field domain defined at r = 0, R o and z=0, L
The outer portion of the tube has two parts, the heated and insulated part. So the respective insulated part was included in the numerical domain. The following set of partial differential equations is used to describe the phenomena, considering the variable thermophysical properties of the dielectric fluid.
Energy equation
At the inlet of the tube, the uniform velocity and temperature field is considered, while at the exit the temperature gradient is equal to zero.
The boundary conditions are
The Joule heating of the tube wall can be expressed either by the uniform heat generation through the tube wall or by the uniform heat flux imposed on the outer surface of the wall. For the latter case, the boundary condition is defined as, 
The fluid properties of the Novec-7600 were considered as temperature dependent with the following: 
The partial differential equations (1)- (3) together with boundary conditions are solved using the finite volume method described in [12] .
First, the parabolic flow field condition is considered and the velocity field is solved. The temperature field, as a conjugate heat transfer problem, was then solved as the elliptic problem using the obtained velocity field.
Because of the temperature dependent fluid properties, iterative procedure is needed to obtain the convergence of the fluid properties (viscosity, thermal conductivity, density and specific heat capacity) through the successive solution of the flow and temperature field. A tube wall and water flow inside the tube, are considered as one domain and harmonic mean values for the thermal conductivity are calculated at the solid-liquid interface [12] : 
The viscosity in the solid region was set to a very large value, in order to handle discontinuities between these two domains. Consequently the convective terms in the energy equation will be zero. So in this case the separate numerical treatment of the temperature field in the solid and fluid region is avoided. In order to test the grid sensitivity, two grids have been used. The coarser one with 250 cells in radial direction and 400 cells in axial direction and finer grid with 500 and 800 cells in z-and r-direction respectively. Differences obtained for Po and Nu were smaller than 0.1 %, so the coarser grid has been used for further calculations. Further details regarding the numerical code are presented in [13] .
RESULTS AND DISCUSSION
The microtube conjugate heat transfer analysis was made for tubes with following ratio D i /D o = 125.4/300 μm and silicon substrate (k = 198 W/m K). The laminar flow regime was considered with Re < 400. The input heat transfer rate was constant for all the runs Q 0 = 0.75 W. Also, the upstream heating is considered as presented in Fig. (1) .
In Fig. (2) the local Nu variation versus axial distance is presented for Re=86.5 and Pr=23.9. Three different cases were considered, cooling, heating and constant thermal conductivity. For the cases of the constant thermal properties the local Nu decreases and approaches the constant value depending on cross-section, Re or Pr.
In the case of heating the local Nu is constantly decreasing along the heating portion of the tube. For the cooling case the Nu is decreasing and after the half of the length the Nu is increasing. In the case of k=const. the Nu follows the usual behavior approaching the well-known fully developed value Nu = 4.36.
In Fig. (3) the local Nu distribution versus axial distance is presented for Re = 139.8 and Pr = 27.3. In the case of heating the Nu decreases similar to the previous case. For cooling case Nu decreases and approaches the constant fully developed value Nu = 4.36. Fig. (2) . The local Nu distribution versus axial distance for Re = 86.5 and Pr = 23.9.
Finally in Fig. (4) local Nu versus axial distance is presented for Re = 354.5 and Pr = 30.6. Due to the higher velocities and higher Pr the thermal entrance length is longer so the Nu does not approach the fully developed value. 
CONCLUSIONS
The numerical modeling of the microtube heat transfer and fluid flow is analyzed. A dielectric fluid Novec-7600 is considered with variable thermophysical properties. The special attention is put on a Nu number behavior for two different heat transfer applications (heating and cooling). The following outcomes might be emphasized from the results presented in the Figs. (2-4):
• Both the temperature dependent fluid properties and heat flux direction (heating or cooling) have a strong influence on Nu number variation;
• For lower Re = 86.5 the Nu number has a different variation depending on the heat flux direction. After the initial decreasing the Nu increases in the case of cooling and decreases in the case of heating. If the thermal conductivity is considered constant, the Nu is approaching the fully developed constant value Nu=4.36; 
